Nine variously substituted azo dye derivatives 2-10 of antipyrine were prepared. e effects of the nature and orientation of the substituents on the color and dyeing properties of these dyes for polyester �bers were evaluated. e newly synthesized compounds were characterized on the basis of elemental analyses and spectral data. On the other hand, the investigated dyes were applied to polyester fabrics and showed good light, washing, heat, and acid perspiration fastness. e remarkable degree of brightness aer washings is indicative of the good penetration and the excellent affinity of these dyes for the fabric. e results in general revealed the efficiency of the prepared compounds as new monoazo disperse dyes. e newly synthesized compounds were screened for their antioxidant and cytotoxic activity against Vitamin C and 5-�uorouracil, respectively. e data showed clearly that most of the compounds exhibited good antioxidant and cytotoxic activities.
Introduction
In recent years, there has been increasing interest in syntheses of heterocyclic compounds that have biological and commercial importance. Antipyrine compounds play an important role in modern organic synthesis, not only because they constitute a particularly useful class of heterocyclic compounds [1] [2] [3] , but also because they are of great biological interest. ey have been found to have biological [4] , clinical [5] , and pharmacological [6, 7] activities. One of the most important derivatives of antipyrine is 4-aminoantipyrine, which is used as a synthetic intermediate to prepare polyfunctionally substituted heterocyclic moieties with anticipated biological activity [8] , analgesic [9, 10] , anti-in�ammatory [10] , antimicrobial [11] [12] [13] , and anticancer [14] activities. It was of interest to study the reactivity of antipyrinylhydrazonomalononitrile towards different nitrogen nucleophiles as well as activated nitriles.
Considerable studies have been devoted to azo dyes derived from 4-aminoantipyrine [15] [16] [17] [18] [19] . Fadda et al. [20] [21] [22] [23] [24] have reported the synthesis of different azo disperse dyes for synthetic �bers. Recently, other studies reported the application of synthesized azo dyes to polyester fabrics [25] [26] [27] . us, we have initiated a program of applying the synthesized dyes derived from 4-aminoantipyrine to polyester as disperse dyes to study their color measurement and fastness properties.
We aim to synthesize a series of new dyes derived from 4-aminoantipyrine to apply these new dyes to polyester fabrics with the hope to get excellent fastness results.
Results and Discussion

2.1.
Chemistry. e synthetic strategies adopted to obtain the target compounds are depicted in Scheme 1. e diazonium salt of 4-aminoantipyrine undergoes a coupling reaction with malononitrile in ethanolic sodium acetate solution at 0-5 ∘ C to give (1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)carbonohydrazonoyl dicyanide (2) [28] . Compound 2 reacted with different secondary amines namely, piperidine, morpholine, piperazine, pyrrolidine, diphenyl amine, ethyl 2-(4-chlorophenylamino)acetate, N-methylglucamine, and 1-phenylpiperazine in re�uxing ethanol to afford the corresponding 1 : 1 acyclic enaminonitrile adducts 3-10, respectively. e formation of enaminonitrile derivatives 3-10 was illustrated through the initial addition of the secondary amines to the cyano function to form the imino form followed by [1, 5] H migration to form the enamine form. e general structural formula for dyes 2-10 is as shown in Scheme 1.
e structures of enaminonitriles 3-10 were assessed by elemental analyses and spectral data. e IR spectra exhibited absorption bands due to stretching vibrations of the NH 2 group within -3301 cm −1 and 21 -2171 cm
due to CN functions and 1 -1610 cm −1 due to carbonyl groups. e 1 H-NMR spectrum of compound 3 revealed the presence of three multiplet signals at 1.58-1.69, 3.52-3.62, and 7.31-7.52 ppm attributable to (3CH 2 , piperidine), (2CH 2 , piperidine), and aromatic protons, revealed two singlet signals at 2.63 and 3.16 ppm due to methyl and N-methyl protons, respectively, and amino protons appeared at 7.13 ppm as broad singlet signal. e 1 C-NMR spectra revealed signals due to the cyano group within 11 -114.3 ppm. Furthermore, the detailed 1 H-NMR and 1 C-NMR spectra for each compound were mentioned in the Experimental section. Moreover, the mass spectroscopic measurements of compounds 3-5 and 8-10 showed the molecular ion peaks at m/z 367 (M + , 12.3), 368 (M + −1, 6.7), 477 (M + , 100.0), 495 (M + , 17.5), 368 (M + , 11.4), and 444 (M + , 5.0), respectively, which are equivalent with the molecular formula of the proposed structures ( Figure 1) .
However, no details regarding the dyeing behavior of these compounds as disperse dyes for dyeing polyester �bers have been reported.
Dyeing of Polyester Fabrics and Dyeing Properties
Color Measurement.
On textiles, (the measure of the light absorption) is determined primarily by the dyestuffs and (the measure of the light scattering) only by the substrate. From the wave length Kubelka and Munk calculate the following relationship for re�ectance of thick, opaque sample with the constant of " " and " ": 
e parent dyestuff 2 is taken as the standard in color difference calculation (Δ * , Δ * , Δ * , and Δ ) [20, 24, 29] . e values of of compounds 2-10 vary from 0.43 to 2.70. e introduction of N-methylglucamine, pyrrolidine, piperazine, and N-phenyl piperazine moieties in dyes 5, 6, 9, and 10, respectively, increase, the strength of value and deepens the color compared with the parent dye 2 ( Table 1 ).
All dyes with +ve Δ values and are brighter than the parent dye 2.
All dyes with −ve Δ values and are darker than the parent dye 2. e positive value of * and * indicates that all groups shi the color hues of the dye to reddish direction on the redgreen axis and to the yellowish direction in the yellow-blue axis, respectively.
Assessment of Color Fastness.
Most in�uences that can affect fastness are light, washing, heat, perspiration, and atmospheric pollution. Conditions of such tests are chosen to correspond closely to treatments employed in manufacture and of ordinary use conditions [30] . Results are given aer usual matching of tested samples against standard reference (the gray scale) [30] . e results revealed that these dyes have good fastness properties ( Table 2) .
Dyebath
Reuse. It has been found in conventional dyeing that aer dyeing, only the dye and few of the specialty chemicals get fully consumed during the operation, while most of the chemicals remaining in the dyebath are rejected. Increasingly due to tough environmental guidelines, the dye houses have been forced to study the feasibility of dyebath reuse. e dyebath reuse depends on a number of factors like dye, shade, color, and if dyeing is carried out in a continuous or batch process. It has been found that in some cases, with a plan in place dyebaths can be successfully reused at least 5-25 times.
Development of the Reuse
System. e procedure recommended by Du Pont for dyeing by adjusting pH from 3.5 to 4.0 with acetic acid. In the dyebath reuse procedure, at step 12 (Table 3) , instead of dropping the bath to the drain, it is pumped to a holding tank. A sample of the spent bath is collected for analysis immediately before pumping to the holding tank. e fabric is rinsed and scoured in the dyeing machine by the usual procedure and then removed for drying. At the beginning of the next cycle, the dyebath is returned to the dyeing machine from the holding tank. Make-up water is added to compensate for the liquid retained by the fabric and the dyeing procedure continued as indicated in Table 3 . e quantities of auxiliaries and dyes shown by the analysis to be required for reconstitution of the bath are added at steps 3, 5, and 8 (Table 3) . e only change required is that all the dyeing salt in step 7 is added at one time (the quantity required for a reuse dyeing cycle was usually less than 20% of the amount needed for a conventional dyeing cycle). ‶ * ": the lightness ranging from 0 to 100 (0 for black and 100 for white). "
* ": the red-green axis, (+) for red, zero for gray, and (−) for green. "
* ": the yellow-blue axis, (+) for yellow, zero for gray, and (−) for blue. 
Analysis for Residual
Dyes. e very strong absorption of dyes in the visible region of the spectrum provides the simplest and most precise method for the determination of dye concentrations. e absorbance A of a dye solution can be related to the concentration by the modi�ed Lambert-Beer equation (2) where is the intensity of the visible radiation falling on the sample, is the intensity of the radiation transmitted by the sample, is a constant including the path length of radiation through the sample and a constant related to the absorptivity of the sample at a given wavelength, and is the concentration of the absorbing species. In mixtures of absorbing species, the absorbance at any wavelength is the sum of the absorbanceS of each absorbing species and is given by
e additive characteristic of light absorption by dyes is important in the analysis of dye mixtures of the type found in spent dyebaths. For such dye mixtures, the absorbance can be measured at a number of wavelengths and the concentrations of the dyes determined by simultaneous solution of a set of linear equations of the type shown above. e wavelengths selected for the analysis are generally those for which one of the dyes has a maximum in absorbance.
A further advantage of spectrophotometers is the ready availability of a number of low-cost instruments with sufficient accuracy and reproductivity for dyebath analysis. e computations required for the analysis can be conveniently carried out on low-cost desk calculators or microprocessors. Two major problems require solution before the use of spectrophotometry for residual dyebath analysis. Some dyes are not completely in solution and therefore do not follow the Lambert-Beer equations. Many dyebaths also show signi�cant turbidity or background absorption which interferes with analyses based on attenuation of a light beam passing through the sample. In the current work, both of these problems were circumvented by extracting the dye from the dyebath sample into an organic solvent. . e rate and/or the extent of the process measured in terms of the decrease in ′ concentration would be related to the ability of the added compounds to trap free radicals. e decrease in color intensity of the free radical solution due to scavenging of the free radical by the antioxidant material is measured calorimetrically at a speci�c wavelength. e assay employs the radical cation derived from 2,2 ′ -azinobis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) as stable free radical to assess antioxidant potential of the isolated compounds and extracts. e advantage of ABTS-derived free radical method over other methods is that the produced color remains stable for more than one hour and the reaction is stoichiometric.
Biological Evaluation
e antioxidant activity of some newly synthesized compounds was evaluated by the ABTS method [31] . e data in Table 4 showed clearly that compounds 2-7 and 10 exhibited good antioxidant activities, while compounds 8 and 9 have moderate to low antioxidant activity compared with Vitamin C. By comparing the results obtained by the antioxidant of the compounds reported in this study to their structures, the following structure activity relationships (SARs) were postulated: compounds 2-7 and 10 were nearly potent to "Vitamin C" which may be attributed to the presence of amino and imino groups which trap the free radical "X. " On the other hand, incorporation of ester or sugar moieties to enaminonitrile chain reduces the antioxidant activity. us, it would appear that introducing an enaminonitrile moiety enhances the antioxidant properties of aminoantipyrine derivatives.
Cytotoxic
Activity. Consequently and due to possible enhancement of biological activity resulting from the attachment of an antipyrine moiety to different enaminonitriles, our direction was attracted to the synthesis of new antipyrine derivatives as well as their analogs using this heterocyclic ring system as a nitrogen base. ese derivatives, compared with their parent compound, displayed signi�cant antioxidant and anticancer activities (Table 4) Compounds 2-7 and 10 showed the strong cytotoxic activities compared with 5-�uorouracil (5-Fu). From the structure activity relationships (SARs), it is noteworthy that compounds 2-7 and 10 have NH 2 groups that are effective in inhibiting cell damage. Compounds 8 and 9 showed weak activities compared with 5-�uorouracil, and this may be is due to incorporation of ester or sugar moieties to the antipyrine compounds.
Conclusion
It seems to be interesting for testing the dyeing behavior of antipyrine compounds for dyeing polyester �bers by convenient route for some new azo disperse dyes. Optical measurements and fastness properties were investigated. Nine useful disperse dyes 2-10 were synthesized by diazo coupling of 4-aminoantipyrine with malononitrile followed by addition of different secondary amines to the obtained coupling product. e dyes 2-10 were investigated for their dyeing characteristic on polyester and showed good light, washing, heat and acid perspiration fastness. e remarkable degree of brightness aer washings is indicative of the good penetration and the excellent affinity of these dyes for the fabric due to the accumulation of polar groups. e results in general revealed the efficiency of the prepared compounds as new azo dyes. e newly synthesized compounds were screened for their antioxidant and cytotoxic activity against Vitamin C and 5-�uorouracil, respectively. e data showed clearly that most of the compounds exhibited interesting antioxidant and cytotoxic activities.
Experimental
Synthesis.
All melting points are recorded on a Gallenkamp electric melting point apparatus. e IR spectra cm −1 (KBr) were recorded on a Perkin Elmer Infrared Spectrophotometer Model 157 Grating. e 13 C-NMR and 1 H-NMR spectra were run on a Varian Spectrophotometer at 100 and 400 MHz, respectively, using tetramethylsilane (TMS) as an internal reference and using dimethyl sulfoxide (DMSO-6 ) as solvent. e mass spectra (EI) were run at 70 eV with JEOL JMS600 equipment and/or a Varian MAT 311 A Spectrometer. Elemental analyses (C, H, and N) were carried out at the Microanalytical Center of Cairo University, Giza, Egypt. e results were found to be in good agreement with the calculated values. 4-Aminoantipyrine (1) (mp 106-110 ∘ C) was purchased from the Aldrich Company. e dyeing assessment, fastness tests, and color measurements were carried out in El-Nasr Company for Spinning and Weaving El-Mahalla El-Kubra, Egypt.
Synthesis of (1,5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-yl)Carbonohydrazonoyl Dicyanide (2).
A well-stirred solution of 4-aminoantipyrine (1.02 g, 5 mmol) in 2 N HCl (1.5 mL) was cooled in ice salt bath and diazotized with 1 N NaNO 2 solution (0.35 g, 5 mmol; in 2 mL water). e mixture was then tested for complete diazotization using starch iodide paper which gives a weak blue test. If the mixture does not give the test, more sodium nitrite was added dropwise until a positive test is obtained and the color is stable for few minutes. If, on the other hand, a strong test for nitrite is obtained, a few drops of a dilute solution of the base hydrochloride are added until the nitrite test is nearly negative. e above cold diazonium solution was added slowly to a well-stirred solution to malononitrile (0.33 g, 5 mmol) in ethanol (20 mL) containing sodium acetate (0.43 g, 5.2 mmol), and the mixture was cooled in an ice salt bath. Aer the addition of the diazonium salt solution, the reaction was tested for coupling reaction. A drop of the reaction mixture was placed on a �lter paper and the colorless ring surrounding the spot dye was treated with a drop of an alkaline solution of a reactive coupler, such as the sodium salt of 3-hydroxy-2-naphthanilide. If unreacted diazonium salt is present, a dye is formed. e presence of unreacted coupler can be determined in a similar manner using a diazonium salt solution to test the colorless ring. Aer the coupling reaction is complete, the reaction mixture was stirred for 50 minutes at room temperature. e crude product was �ltered, dried, and recrystallized from ethanol to give antipyrinylhydrazonomalononitrile (2) 
General Procedure for the Synthesis of 3-Amino-2-(1,5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-yl) azo-[3-Substituted]-1-yl-Acrylonitriles 3-10.
A mixture of 2 (1.4 g, 5 mmol) and the appropriate secondary amine, namely, piperidine (0.49 mL, 5 mmol), morpholine (0.43 mL, 5 mmol), N-methylglucamine (0.98 g, 5 mmol), pyrrolidine (0.41 mL, 5 mmol), diphenyl amine (0.85 g, 5 mmol), ethyl 2-(4-chlorophenylamino)acetate (1.07 g, 5 mmol), piperazine (0.43 g, 5 mmol), or 1-phenylpiperazine (0.81 g, 5 mmol) in ethanol (15 mL), was re�uxed for 5 h. �e reaction mixture was le� to cool and the precipitated solid was �ltered off, dried, and recrystallized from EtOH/DMF (2 : 1) mixture to afford the corresponding acyclic enaminonitriles 3-10, respectively. Amino-2-((1,5-Dimethyl-3 2S,3R,4R,5R)-2,3 (8) 3 ), an anionic dispersing agent of BASF, then the dye was precipitated in a �ne dispersion ready for use in dyeing.
3-
3-Amino-2-((1,5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-yl)Diazenyl)-3-Morpholinoacrylonitrile (4).
3-Amino-2-((1,5-Dimethyl-3-Oxo-2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-yl)Diazenyl)-3-(Methyl((
Ethyl 2-((
1-Amino-2-Cyano-2-((1,5-Dimethyl-3-Oxo- 2-Phenyl-2,3-Dihydro-1H-Pyrazol-4-yl)Diazenyl) Vinyl)(4- Chlorophenyl) Amino)Acetate
Dyeing of Polyester at 1301
∘ C under Pressure Using Fescaben as a Carrier. e dyebath (1 : 20 liquor ratio) containing 5 g/dm 3 5 g/dm −3 Levegal PT (Bayer) as a carrier and 4% ammonium sulphatet and acetic acid a pH = 5.5 was brought to 60 ∘ C. e polyester fabric was entered at this degree and run for 15 minutes. 2% dye in the �ne dispersion was added, temperature was raised to the boiling point within 45 minutes, dyeing was continued at the boil for about 1 hour, then dyed material was rinsed and soaped with 2% nonionic detergent to improve rubbing and wet fastness. (Table 2) . Fastness to washing, perspiration, light, and sublimation was tested according to the reported methods.
Assessment of Color Fastness
(i) Fastness to Washing. A specimen of dyed polyester fabric was stitched between two pieces of undyed cotton fabric, all of equal diameters, and then washed at 50 ∘ C for 30 minutes. e staining on the undyed adjacent fabric was assessed according to the following gray scale: 1 (poor), 2 (fair), 3 (moderate), and 4 (good), and 5 excellent.
(ii) Fastness to perspiration. e samples were prepared by stitching pieces of dyed polyester fabric between two pieces of undyed cotton fabric, all of equal diameters, and then immersed in the acid medium for 30 minutes. e staining on the undyed adjacent fabric was assessed according to the following gray scale: 1 poor, 2 fair, 3 moderate, 4 good, and 5 excellent. e acid solution (pH = 3.5) contains sodium chloride 10 g/L, lactic acid 1 g/dm3, disodium orthophosphate 1 g/dm3, and histidine monohydrochloride 0.25 g/dm3.
(iii) Fastness to Rubbing. e dyed polyester fabric was placed on the base of Crocketeer, so that it rests �at on the abrasive cloth with its long dimension in the direction of rubbing. A square of white testing cloth was allowed to slide on the tested fabric back and forth twenty times by making ten complete turns of the crank. For a wet rubbing test, the testing square was thoroughly wet in distilled water. e rest of the procedure is the same as the dry test. e staining on the white testing closed was assessed according to the following gray scale: 1-poor, 2-fair, 3-moderate, and 4-good, and 5-excellent. (iv) Fastness to Sublimation. Sublimation fastness was measured with an iron tester (Yasuda no. 138). e samples were prepared by stitching pieces of a dyed polyester fabric between two pieces of an undyed polyester, all of equal diameters, and then treated at 180 ∘ C and 210 ∘ C for 1 min. Any staining on the undyed adjacent fabric or change in tone was assessed according to the following gray scale: 1-poor, 2-fair, 3-moderate, 4-good, and 5-excellent. (v) Fastness to Light. Light fastness was determined by exposing the dyed polyester on a Xenotest 150 (Original Hanau, chamber temperature [25] [26] [27] [28] [29] [30] ∘ C, black panel temperature 60 ∘ C, relative humidity 50-60%, and dark glass (��) �lter system) for 40 hours. e changes in color were assessed according to the following blue scale: 1-poor, 3-moderate, 5-good, and 8-very good. Table 1 reports the color Parameters of the dye fabrics assessed by tristimulus colorimetry. e color parameters of the dyed fabrics were determined on a spectro the multichannel photodetector (model MCPD1110A), equipped with a D65 source and barium sulfate as a standard blank. e values of the chromaticity coordinates luminance factor and the position of the color in the CIELAB color solid are reported.
Color Assessment.
In this study, the dyeing performance of the prepared dyes 2-10 on polyester �bers has been evaluated. e results are listed in Table 2 . Generally, the fastness properties of dyes 2-10 on polyester �bers were studied (Table 2 ) and it was observed that (a) fastness to washing on polyester �bers is generally acceptable (3) (4) (5) , according to the International Geometric Gray Scale; (b) these dyeing showed good stability to acid perspiration (rating 4-5); (c) the light fastness ranges are 7-8 on polyester �bers; (d) all of the dyes have acceptable
